The design of the positron source for the International Linear Collider (ILC) is still under discussion. The baseline design plans to use the high-energy electron beam for the positron production before it goes to the IP. The electrons pass a long helical undulator and generate an intense circularly polarized photon beam which hits a thin conversion target to produce e + e − pairs. The resulting positron beam is longitudinally polarized which provides an important benefit for precision physics analyses at the ILC. In this paper the status of the positron target design studies is presented. Focus is the positron yield for center-of-mass energies of 250 GeV and also the Z peak. Possibilities to improve the positron collection system and thus to increase the positron yield are discussed.
Introduction
The discussion on the positron production scheme for a high-energy linear e + e − collider is ongoing: Two schemes are under consideration: The baseline scheme using a helical undulator passed by the high-energy electron beam to generate an intense photon beam for the positron production in a thin target, and the scheme based on the use of a separate electron beam to create e + e − pairs in a thick target. The efficiency of positron production in a conversion target together with the capture acceleration of the positrons is low, so in both cases it is a challenge to generate the 1.3×10 14 positrons per second that are required at the ILC collision point (nominal luminosity). However, using a helical undulator allows to produce a circularly polarized photon beam for the generation of a longitudinally polarized positron beam. A high-energy e + e − collider with both beams polarized broadens substantially the physics potential and has been chosen as baseline option for the ILC positron source [1] [2] [3] .
In this paper the status of the studies for the undulator based source is updated; it continues the results given in references [4] and [5] . Details on the electron driven source can be found in references [6, 7] . This paper is organized as follows: The basic parameters of the undulator source are given in section 2. Due to the low efficiency of the e + e − pair production and the required high luminosity, the heat load in the target and hence the cooling are important issues. To stand the heat load the positron target must be moved and is designed as rotating wheel. The basic items are discussed in detail in references [4] and [5] and summarized in section 2. The positron yield depends strongly on the design of the optical matching device (OMD) located directly behind the conversion target. In section 3 the influence of the magnetic field on the positron yield is discussed. It is well known, that a high magnetic field at the target increases substantially the positron yield. Possible options to realize the magnetic field required for high positron yield as well as the resulting eddy currents in the spinning target which could increase the heat load are reviewed in section 4. The necessary R&D work is shortly outlined in section 5. Section 6 emphasizes the benefit of a polarized positron beam for the ILC project. A short summary is given in section 7.
The undulator-based ILC positron source
The ILC positron source is located at the end of the main linac. It consists of the helical undulator with maximum active length of 231 m to generate the photon beam, the thin conversion target made of Ti6Al4V, the optical matching device and the capture optics, acceleration, energy and bunch compression, spin rotation and spin flipper as shown in figure 1 and references [1] [2] [3] 8] . Goal is a positron yield of 1.5 e + /e − at the damping ring. Since the photon energy and yield, and hence the positron yield depend strongly on the electron energy, the source performance has to be studied and optimized for each centre-of-mass energy.
The helical undulator
A superconducting helical undulator is used to generate the circularly polarized photon beam. A prototype was manufactured and tested in UK [9] . It consists of two 1.75 m long undulator modules inserted in a 4 m long cryomodule. The undulator period is λ u = 11.5 mm and the maximum B field is 0.86 T corresponding to a value K = 0.92. As described in the TDR, with 132 undulator modules (66 cryomodules) an active undulator length of 231 m is reached. Every 3 cryomodules quadrupoles are foreseen so that the undulator system reaches a total length of 320 m. The given undulator period, λ u , and the maximum field on axis, B 0 , define together with te electron beam energy the possible parameter range for the positron source: The undulator K value is K ∝ λ u B 0 . The efficiency of positron generation in the target depends on the pair production cross section and hence on the photon energy. The cut-off for the first harmonic is related to the electron energy E e , K and λ u by
i.e. lower K values increase the photon energy. The number of photons created per undulator length is
implying that low K values result in less photons. For an electron beam energy 125 GeV a high K value and the full active length of the undulator are necessary to get the required number of positrons. Also the beam spot size on the target depends on the opening angle of the photon beam,
and it is very small even at a large distance from the undulator. This defines the design for the conversion target; during the 0.73 ms (baseline) up to 1 ms long bunchtrain overheating must be prevented to avoid serious damage. Details are discussed in section 2.2.
The conversion target
The narrow photon beam causes a high peak energy deposition density (PEDD) in the target material. To prevent overheating during one ILC pulse, the target is designed as wheel of 1 m diameter spinning with 100 m/s circumferential speed to distribute the beam load over about 7-10 cm. The target thickness should be optimized regardig the energy of the electron beam; for ILC250 a thickness of 7 mm Ti6Al4V is recommended (≈ 0.2 X 0 ). Downstream the target, an optical matching device (OMD) collects the positrons using a high B field which goes adiabatically down to 0.5 T at the accelerating structures. To achieve the required positron yield and to protect the accelerating structures the target wheel rotates in vacuum. The PEDD and the average power deposited in the target as well as the positron yield vary for different E cm ; they also depend on the distance between target and undulator. In previous studies the interplay of the source parameters has been studied for different centre-of-mass energies [4, 5, [10] [11] [12] [13] . Most of these studies assumed a pulsed flux concentrator (FC) as optical matching device (OMD). A promising prototype study for the FC was performed by LLNL [14] . However, detailed studies identified some weak items of this design: The B field distribution along z cannot be kept stable over the long bunch train duration. So the luminosity would vary during the pulse which is not desired. Further, the particle shower downstream the target causes a high load at the inner part of the flux concentrator front side, which is at least for ILC250 beyond the recommended material load level [13] . This is mainly caused by the larger opening angle of the photon beam and the wider distribution of the shower particles downstream the target at ILC250. To resolve this problem, the drift space between the middle of undulator and the target was reduced to 401 m. In addition, a quarter wave transformer is suggested as OMD since it has a larger aperture. Further details can be found in references [13, 15] . An alternative could be a pused solenoid; this option is disussed in section 3. Another important issue is the cooling of the target spinning in vacuum. The previously contemplated water cooling was given up and replaced by cooling by thermal radiation. Table 1 presents an overview of the relevant parameters for the studies with focus on an 125 GeV electron beam for positron production.
The positron yield was simulated for a flux concentrator and a quarter wave transformer (QWT). In both cases the positron beam polarization is 30%. However, the positron yield depends strongly on the magnetic field assumed for the simulations. The numbers in table 1 given for the QWT suppose an optimized shape of the B field: At the target exit the B field is zero. It achieves the maximum value of 1.04 T at a distance of 7.6 mm downstream the target. However, the design given in reference [16] corresponds to a realistic design and has the maximum B field at a distance of about 3.5 cm downstream the target exit. So for the ideal case the design yield of ≈ 1.5e + /e − is almost achieved while with the realistic QWT the yield is less than but close to 1. More details are given in section 3.
Temperature distribution in the target wheel
The average energy deposition in the ILC positron target is about 2 − 7 kW depending on the drive beam energy in the undulator, the target thickness and the luminosity (nominal or high). For ILC250, the average energy deposition in the target is 2 kW.
Since the initial investigations of the wheel, involving leak tight rotating vacuum seals and water cooling showed major problems [14, 17] , an alternative technical solution was brought up to ensure the heat radiation as well as the safe rotation of 2000 rpm by magnetic bearings [18, 19] . This proposal is now considered as solution for the target wheel design. The energy deposition of few kW can be extracted by radiation cooling if the radiating surface is large enough and the heat distributes fast enough from the area of incident beam to a large radiating surface. The wheel spinning in vacuum radiates the heat to a stationary cooler opposite to the wheel surface. It is easy to keep the stationary cooler at room temperature by water cooling. But it is crucial for the design that the heat distributes from the volume heated by the photon beam to a larger surface area. The thermal conductivity of Ti6Al4V is low, λ = 0.068 W/(cm K) at room temperatures and 0.126 W/(cm K) at 540 • C. The heat capacity is c = 0.58 J/(g K) at room temperature and 0.126J/(g K) at 540 • C [20] . With the wheel rotation frequency of 2000rpm each part of the target rim is hit after 6-8 seconds but this time is not sufficient to distribute the heat load almost uniformly over a large area. The heat is accumulated in the rim and the highest temperatures are located in a relatively small region around the beam path. The average temperature distribution was calculated using the ANSYS software package [21] and is shown in figure 2 for one sector representative for the track of one bunch train. The temperature depends substantially on the emissivity ε, of the surfaces. An optimization of the emissivities by surface processing or coating is possible and should be tested also under long-term irradiation conditions as expected at the ILC. Figure 3 shows the radial temperature profile assuming different emissivities. In addition also the radius of the wheel increased to enhance the surface for the T 4 radiation. A rough estimate [4, 5] shows that with a wheel radius of about 60 cm the average temperature could be decreased by 100 K or even more. This is important since every 6-7 seconds the beam pulse increases the temperature by approximately 60-100 K within about 50 µs depending on the required luminosity. The material must stand the cyclic load at elevated temperatures. Experimental tests were performed with the electron beam of the microtron in Mainz (MAMI) to simulate the cyclic load as expected during ILC operation [22, 23] and demonstrated that the material is suited for this application.
The thermomechanical stress in a rotating target wheel disc is discussed in detail in references [4, 5, 10] . The results of the irradiation tests at MAMI and detailed simulation studies with ANSYS showed that the expected load at the ILC positron target is below the material limits [4, 24] . However, for the final construction of the target wheel FEM design studies and systematic tests using a mock-up are necessary to ensure a long-term operation without failure.
Engineering and Design Options for the Rotating Wheel
For the studies of the positron yield optimization, the temperature distribution and cooling principle a target wheel designed as full 1 m-diameter disc of 7mm thickness made of Ti6Al4V was assumed. As illustrated in figure 3 , the radial steady state temperature in the wheel depends also on the radius. Due to the the heat conductivity in the target material and the T 4 dependence of the evacuation by thermal radiation of the power, most of it is evacuated close to the rim of the wheel. For example, most power is radiated from the rim at radii larger 35 cm.
By increasing the outer radius of the wheel up to 60 cm, while maintaining the beam impact at r=50 cm, substantially lower average temperatures can be expected. Thus it is possible to conceive a target wheel consisting of two distinct parts with separate functionalities: A 'carrier wheel', designed and optimized in terms of weight, material, moment of inertia, centrifugal forces, stresses and vibrations, etc., and a second unit, the actual Ti-target rim. The target units are fitted mechanically to the rim of the carrier wheel in such a way that the cyclic loads, temperature rises and stresses in the target units are not or little transmitted to the carrier wheel. This would allow to design and optimize the engineering of the carrier wheel independently from that of the target proper. A possible layout in Figure 4 shows the main items of the target wheel, the spoked rotating carrier wheel with its magnetic bearings and the water cooled stationary coolers. In figure 5 some details are suggested to fit the target to the carrier wheel. The extension of the Ti-sheet into both radial directions beyond the beam impact and the increase of its thickness will lead to reduced average temperatures in the target.
Positron yield and OMD
During the long time of design studies for the ILC positron source several options for the OMD have been considered. An overview is given in reference [16] . The best solution would be a pulsed flux concentrator which initially was envisaged for the adiabatic matching device (AMD). But in further detailed studies it appeared that over the long pulses of about 1 ms the field in the FC could not be kept stable in time [5] . Further, studies [15] showed that the peak energy deposition in the center at the front of the FC is too high for ILC250. Neither a larger FC aperture nor a shorter distance of FC to undulator could improve the situation substantially. Therefore, further studies were pursued with a QWT. Following reference [16] , only a yield Y ≤ 1 e + /e − can be reached for electron beam energies of 125 GeV. Studies [15] showed that for the thinner conversion target, a maximum K value (K = 0.92) and an optimized B field the yield can be increased to the required value. Figure 6 demonstrates the influence of the magnetic field shape on the positron yield. If the magnetic field rises from almost zero at the target exit within 8 mm to a maximum value of 1.04 T, a yield of about 1.5e + /e − can be reached by increasing K to 0.92. It is the question whether a QWT with the corresponding optimum d t2qwt = 7.6 mm Figure 6 : Left: Shape of the magnetic field on axis of the QWT. The yellow line shows the field as used for the simulation studies with an 'ideal' OMD to achieve the required positron yield. The black line gives the B field as suggested for the QWT in reference [16] . The magenta line is the corresponding approximation used for the simulation of the positron yield. Right: Positron yield depending on the distance d t2qwt assuming a field distribution as given with the yellow and magenta line of the left plot. The undulator K value is K = 0.85. magnetic field is possible, i.e. maximum field of ≈ 1 T at a distance of 7-8 mm from the target and almost zero at the target. Studies have shown that a high magnetic field at the target increases substantially the positron yield. However, the eddy currents created in the spinning target are considered as drawback since they heat the targetĖven if the heating is acceptable, brake effects have to be taken into account.
Magnetic field in target
The positron yield at low centre-of-mass energies (ILC250, GigaZ) cannot be increased with a longer undulator but with an optimization of the B field in the matching section the required yield of 1.5 e + / e − could be reached. As a first approach to study the influence of the B field at the exit side of the target on the positron yield the simplified field profiles shown in figure 8 have been used. Such fields can be achieved in a conical solenoid as sketched in figure 7. As demonstrated in figure 9 , further studies are necessary to adjust the B field profile for highest positron yield. In section 4 the possible design of a pulsed matching system and its influence on the spinning target is discussed. Figure 9 : Expected positron yield depending on the field B target at the target exit and on the maximum field B max .
Design of an Optical Matching Device: A pulsed solenoid
A special feature of the undulator driven positron source is the 1 ms long photon pulse, incident on the rotating wheel. This is much longer than usually used for conventional positron sources with micro-second pulses where Flux concentrators (FC) are convenient for such beam structures. However, due to time varying skin effect in these FC, when driven with ms-pulses, the magnetic field will strongly vary during the beam pulse [5, 16] .
To circumvent this problem for the ILC, a basically simple solenoid , wound in a conical shape (see figure 7 ) is considered; see also reference [25] . Pulsed solenoids as adiabatic matching device (AMD) have been used in the past, as e.g. for the positron source of CERN-LEP. To achieve multi-Tesla fields, currents of about 50 kA or above are required. Clearly, with such high currents, the solenoid cannot be driven in a d.c. mode, but has to be pulsed. Considering a Cu-conductor of about 1 cm×1 cm, the pulse duration has to be chosen long enough, so that at the peak of the half-sine pulse, eddy current have died out and a stable field over the duration of the beam pulse of 1 ms is achieved. Such a stability will be reached with a half sine current pulse with a duration of about 4 ms, where the skin depth in Cu will be about 0.6 cm, sufficiently larger than the average radius of the conductor with a resistivity of 4 × 10 −8 Ωm. This pulsing will still provide a large reduction of the electrical power consumption of the solenoid with a duty cycle of only 1%, when driven at 5 Hz. In figure 7 . The inputs for the beam induced effects were provided by T. Takahashi (Univ. Hiroshima) and A. Ushakov (Hamburg University).
As can be seen in table 2, the pulsing and cooling of the envisaged pulsed solenoid is feasible. However, detailed engineering is required to provide radiation resistant ceramic insulations between the windings as well as solid mechanical clamps, applied to the coil, to retain the pulsed forces, stresses and vibrations.
As shown in table 2, for small apertures of 2 cm diameter at the entrance of the solenoid, the effects induced by the beam at this entrance, become relevant. Thermal fatigue and radiation damage may occur. Therefore, at this stage, larger diameters of the entrance of about 3 cm or above should also be considered. To compensate for the loss of field, a booster coil placed upstream of the target could recuperate part of the field loss, as indicated in figure 10. Some very preliminary calculations of the positron yield have been made by M. Fukuda (KEK) [26] for the conical solenoid as illustrated in figure 11 . The increase of the yield is Figure 11 : Magnetic field in the conical solenoid used for first positron yield calculations [26] . striking. Therefore, further studies of this scheme at even higher magnetic fields should be pursued.
Magnetic effects from the pulsed solenoid on the rotating wheel
In a very basic approach to this problem, one can write down the following equations:
For definitions see figure 12 describing a magnetic field B z (r) with rotational symmetry. Figure 12 : Geometry of the axial magnetic field B z in rotational symmetry which penetrates through the rotating wheel.
Equation 4 describes the field variation to which any point in the rotating target is submitted. In particular, field rises occur only in the 'gradient zone' where ∂B z /∂t = 0. This situation is equivalent to a non-rotating, stationary target submitted to a linear rising field ∝ t/τ in the 'gradient zone' with a rise time τ = ∆r/v . From this, the time variation of the magnetic flux, the induced voltage ∂Φ/∂t can be estimated by integration of ∂B/∂t over that surface of the Ti-target, ∂Φ/∂t = ∂B/∂t·df , which is submitted to the flux change from the solenoid. Finally, by Ohm's law the current density j(r, α) = σ∂Φ/∂t/ ds can be evaluated. This then results in the power W and braking Lorentz forces F L to which the rotating wheel is submitted:
As has been pointed out in references [27, 28] , for Ti with its low electrical conductivity, σ = 5.8 × 10 5 Ω −1 m −1 , and with the time duration for any point of the wheel which it takes to traverse the non-zero-gradient zone -assumed here of 1 cm width-the field will have a rise time of 10 −4 s. This, in turn, will lead to a skin depth of about 1.5 cm in the Ti-target, which is larger than its thickness of 0.7 cm. Therefore it is plausible that only induced currents from a slowly varying field can be considered while eddy currents can be ignored. This is also confirmed by more detailed studies in reference [27] , which clearly demonstrates the above quoted dependencies of the average power and torque from the rotation velocity. The absolute values of W and F L however, depend on the shape of the magnetic field and the volume of the Ti-target, submitted to this field. For the magnetic field of B 0 = 4 T, assumed in this study (see figure 12 ), peak current densities j of about 1.9 × 10 7 A/m 2 have been estimated, which in turn lead to at most 10 kW of power deposited in the Ti-target, when a d.c. magnetic field is assumed. Now, applying the duty cycle of 1% due to the pulsed operation of the solenoid, the actual average power deposited in the target, will be around 100 W. This should be well tolerable, in comparison to the beam power of 2 kW.
Concerning the pulsed braking forces, they are very pessimistically given by
or a torque of 50 Nm/pulse, because in reality all induced currents contribute to the power while only those in radial direction contribute to the braking. The braking energy per pulse, extracted from the wheel over 4 ms, amounts to 40 J/pulse. Relating this to the total kinetic energy stored in the rotating wheel of about 0.5 MJ, this is large compared to the braking energy per pulse. However, these braking pulses at 5 Hz will accumulate over time and a slow correction of the rotation velocity within 1-2 s will be necessary to maintain the nominal velocity within the required range of ±2 × 10 −4 .
As has been discussed in references [29, 30] , a parasitic magnetic field will be created by the currents, induced in the Ti-target. This will superpose and deform the original field from the solenoid. Since most of the currents induced in the target, flow into radial direction (see reference [28] ), they will create a parasitic transversal field in the x-direction of the velocity, inside and close to the target surface. Taking the above quoted current density j of 1.9 × 10 7 A/m 2 , a transverse field of about 0.14 T must be expected at the location close to the target. This will create a systematic field deformation, a transverse field component, as well as a field drag of the original field. According to reference [29, 30] , a correction by a simple dipole field may have to be applied. Finally thoughts have to be given to the return field around the solenoid. Its penetration into the rotating wheel may still deposit additional power in the target. An iron flux trap around the solenoid may be required.
The R&D path towards the undulator driven target
Further studies of the mechanical design and response of the beam induced thermal loads are required, also to optimise the geometry of the spinning wheel and of the target, to improve further the evacuation of the power by radiation. In case of high luminosity upgrade the temperature in the target increases and a higher heat evacuation efficiency is desired. The efficiency of cooling could be improved further by conducting the beam power from the Ti target into a radiator which is arranged close to the target and has a higher thermal conductivity and which can tolerate higher temperatures. Among other things, Graphite, copper and high temperature Ni-and Co-alloys may be considered. These investigations should be done by finite element computations and be validated, as proposed earlier, by simple laboratory test setups.
Clearly, the proposed design of the pulsed solenoid has to be validated in terms of life time and field quality and with emphasis on its radiation resistance.
The quality of the magnetic field must be studied in detail, in particular the increasing transverse field components towards larger radii inside the aperture of the solenoid, as illustrated in figure 11 . As stated above, the magnetic effects from the pulsed solenoid on the spinning wheel can efficiently be simulated by computer codes and initially be benchmarked with a stationary wheel submitted to a fast pulsed dipole magnet. However, a complete prototype will be necessary to validate the final design.
Polarization of positrons
There is a continuing discussion whether the realization of an electron driven positron source is more easy the the construction of the undulator driven positron source. However, at the ILC the electron driven source delivers only an unpolarized positron beam. Thus, the decision about the positron source must include also the relevance of a polarized positron beam for the intended physics measurements. Future high-energy e + e − linear colliders will probe the Standard Model and physics beyond with excellent precision. Besides linear colliders also circular e + e − collider projects as FCC-ee and CEPC are under discussion [31] . FCC-ee and CEPC could operate at energies up to about 350 GeV centr-of-mass energy and promise measurements with excellent accuracy below the per mil level. In particular at the Z boson resonance they can easily produce a factor 1000 more events than it would be possible with the so-called GigaZ option of the ILC.
Electroweak interactions do not conserve parity, so beam polarization is essential to measure and to disentangle new phenomena beyond the Standard model (SM). It is expected that such phenomena can be directly obtained at high collision energies but also by deviations from the SM prediction at lower energies as planned for FCC-ee and CEPC. The lessons from the SLC experiment at the the SLAC linear collider showed that certain parameters are measured with substantially higher precision if both beams, i.e. electrons and positrons, are polarized. Although the 4 LEP experiments collected a more than 30 times higher number of Z boson events than SLC, they measured the effective weak mixing angle with the same precision.
What is the situation comparing ILC, in particular ILC250 and GigaZ [32] , with FCCee and CEPC? High degrees of electron beam polarization are possible; the ILC e − beam will be at least 80% polarized. Since the generation of an intense (polarized) positron beam is a challenge, simultaneously polarized e − and e + beams at linear colliders are under discussion since many years. Without going in details as physics processes and their analyses, the benefit of polarized positron beams is given by the following reasons (see also references [33] [34] [35] ):
• There are 4 combinations of e + and e − helicity states in the collision of high-energy electrons and positrons. Only with both beams polarized each of these initial state combinations can be explicitly realized in a collider.
• With the 'right' helicity combination of initial states a higher effective luminosity is achieved: L eff /L = 1 − (1 − P e − P e + ). A higher number of specific events is achieved in shorter running time. For example, assuming P e − = 90% and P e + = 30% the effective luminosity can be almost a factor 1.3 higher than without positron polarization.
• The suppression of background is crucial for precision measurements. With polarized beams the desired initial states can be enhanced or suppressed. This improves the discrimination and control of background processes.
• Polarized beams provide a high flexibility to evaluate systematic effects. It is very difficult to detect and correct time-dependent effects, correlations or a bias in the polarimeter measurement. If both beams are polarized, such systematic effects can be much better controlled, and their impact on the uncertainty of observables can be substantially reduced down to negligible values.
• In case of deviations from the Standard Model predictions, polarization of both beams enhances significantly the possibility to confirm the existence of a new phenomenon: High precision, flexible configuration of initial states and a larger number of independent observables could even allow to unravel underlying physics.
• An independent determination of beam polarization and left-right asymmetries is only possible if both beams are polarized.
One should keep in mind that also the zero polarization of an unpolarized positron beam must be confirmed to avoid any bias in the physics analyses [36] . All these arguments suggest that positron polarization is crucial for precision measurements at ILC250 and inevitable for GigaZ.
Summary
The positron source based on a helical undulator is the baseline option for the positron generation at the ILC. It is preferred to the electron driven scheme for several reasons: the power absorption in the target and the source facilities is substantially lower, less neutrons are generated and the target system is less activated. Further, the sensitivity to changes of the positron damping ring is lower. And most important for the precision measurements and the ILC physics goal is the delivery of a positron beam which is at least 30% polarized. The undulator based ILC positron source has been intensively studied in the past and has undergone various modifications and improvements. It has been demonstrated that this source with the required performance, and in particular with the required positron yield of 1.5 e + /e − is technically feasible. Its essential components consist of the Ti-target with a thickness of 7 mm for ILC250, shaped into a wheel with a diameter of 1 m and rotating in vacuum at 2000 rpm. The average beam power of about 2 kW which is deposited in the target at nominal luminosity, is evacuated by heat radiation from the surface of the wheel into a stationary, water cooled heat sink.
Due to the particular long photon beam pulse of 1 ms at 5 Hz, for the positron collection system, an efficient Adiabatic Matching Device, AMD, is required. Flux concentrators as used elsewhere, i.e. SLAC, SKEKB, are operated at micro-s pulse durations; they are not well suited for the long beam pulse of 1 ms. In reference [5] , the positron collection system for the undulator scheme with long beam pulses has been stated as one of the open issues. Here, a possible technical solution is proposed, by which this issue can be resolved by a pulsed solenoid collector. A solenoid driven with pulses of 4 ms duration and at 5 Hz has been studied. Such a device can provide peak fields of about 5 T in the solenoid while 2-3 T fields can be tolerated at the rear of the Ti-wheel, without excessive additional heating and braking of the spinning wheel. Some possible design modifications of the wheel, to improve further its cooling, and the technical R&D path towards the development of the essential parts of the undulator driven source have been outlined.
